
NASA Comractor Repose 198293

ICASE Report No. 96-16

ICA E

OBSERVATIONS REGARDING USE OF

ADVANCED CFD ANALYSIS, SENSITIVITY
ANALYSIS, AND DESIGN CODES IN MDO

Perry A. Newman
Gene J.-W. Hou

Arthur C. Taylor, IH

NASA Contract No. NA51.19480
March 1996

In,_imte for Computer Applicatio_ in Science and Engineering

NASA Langley' Research Center

Hampton, VA 2._81-0001

Operated by Universities Space Research Association

National AeronauticJ and

Space Admini'.:tra_ion

Langlq Research Center

Hampton, Virginia 23681-0001

19960509022
[gm_ _ mgrm,.nm8



DISCLAIMggNOTICg

THIS DOCUMENT IS BEST

A SIGNIHCANT

PAGES WHICH

REPRODUCE

NUMBER

DO NOT

LEOIBLY.

OF

QUALITYAVAILABLE.THECOPY

FURNISHED TO DTICCONTAINED



Observations Regarding Use of Advanced CVD An_ysis,

Sensitivity Analysis, and Design Codes in MIX)

Perry A. Newmm
NASA _ Research

limnpmn, VA 23681..._01

@eae J.-W. Boa '_

o_ r_mma um_s_
Nmfo_ VA _7 NcaCoL VA 23,.S29-1g_?

Abstract

Oaemrakm ttllmsiq, ate useot sSvmcedmmpmmeJ eukjdymanics(_'z)) mudytis,
semiOvity_ (S_). me eJesiSncoOm_nmadiem4medmut_ desl_ opeimizaeme
(MIX)) te..Oectour _ _thc imm'actiamrequiredot ClF1Dmd oer expaiame in gecem
am,atymmic omi_ _ _ _ Ob'D. Sarape nmdts frm tUeseram. aud_ w_
mmmam_ for _ _ (me_p_A codes)md s_mmmeo_ _ and

amorald _ _ mWieed for_ _ _ CeD va m_p_.
SA _des ispeaet tkm dm_ ee_ f_ _e_ oodes. Tiros,m _._0 foem_mxm _

mlims ti_ moge _fftci_t dmgn co_ wt_e potsige is _. Ho_>n_', in tim am_a_uc_

en_ a_eg_a¢, c_ _-SA oo0m we mlui_ at thea_a'ymmic "_ dmqm"poiaa.

m_

!

,bemmmlamim8_ ksmeJm_ at_lke_,,,,._ fo_C.amlumv_m. m 5_ee,mmd I_qlmmmmL.'qa,$AI.aqP_
Ibmmeb (_mr. Mmmlmm. VA 23MIi-_0l.

'the Nek d dm seminal md d.ml smkcm utas i_ mJClpme_dby NASA Gemt NAO. I-l'_.5.



The t_u d IIw _ is _ o_ am_ I_miqum am_ m_ applicable Io advamced 0_igh-6de_ity)
cmqmu_ Iuid c_nmnics (C_) ma 0u_ _ e_miOI_ _o mUiaiscipUaxy 0esign ot_imizaam
('JingO)for t_istic tlme-Clneasim_ O-D) aerovc.C_eL "l_u_ l tm_A_ smmwO.m this _ ml
gives _ _ier advmmgm md d_tvDm_ _e_

I. _ o/Toc_m/qKs Used im_ Focm
I I I I II illl I iii rl I I I I! j iIi r i I mill I I I II I II r I I III

TECHNIQ4_ A£ VANT:_ DISADVANTAGE

AdvmZ_l CFD IZequ_ _r:_ SSe_ Nonl_',e_ _ high corn

Mu_agr_ Te0ious code

Ondiem4bm_l

AuIonU_ diff_mi_on

ilra_em ig_rmmi_ imInim
inod_s

Accm ii_l _

immtive _ _ elicit, and Not amc..mI_c

_m_i_ SA algo_m
IIII IIIII I J F rl III 1 rll I i I " IIrl iiIII_ ....... r II 1 IT Jll 11

Applicati_ o_ _se g_miqu_s _ sdvxmc_ CI_ co_s has been Iw0po_ and di_uss_ m (! H_. In
Ill t_l i_l, I1_ incmmul i_ve m 01_ 10t cgati_ or set_itivt_ d_ivmives (SD'o is
discussed. Is [31, tke _ oL Woumic diff_ (AD) to o_mn SD's Imm a 3.-D tl_4ay_
Nma',.._ok. o:.Io b ,4mmm_l. _ 141md [5")m m ,mmmar_ or' m m,di_ oI' lis
_d_ lira _ _ AD md IIM _oe_ciem_ ol_in ¢_IX_le_ diicI_l_ SD's _ s t_
(2-D) thim-I_ Nm/ec-_tx_ code is_ i_[6L _ AD tool ADIFC_ (AD o(g-cflrm) ¢_ F/|
uul [8] Ilu beenused_ II_s work. Symlmismd mr_yms are de_ed as mmuluced in tl_ mu_

The.._llU_Om mammutziledin thispmagral_ cu bofotmdinii_t_l_ derail in [I]-[6]. "i'me
laws or'_ Ituid _ow. P_md mmdymamic fmc_iem, F. cL immm caa b_ ¢xpmued m

(I) _(O(b), X($), b) = 0 (No_lineor U_e equal/on)
Imd

(2) F = F(Q(b), X(_), b) (.4e.rodlmam/_ o_pvt function)

•&ete _ is the vectm of StaLe (f_d) varisbks, X is the _ectm o/computmimml lnd ceonlmat_, and
_ u the vector oL dmgu vmab_ Dater diff_ o_ r_q_ 0) trod _) ,_u_ m_ect to _e _ga
qm ,

(3)

and

(4)

dR 8R 8R., #R
= + =o

_¢lm_gttat _ m _Ignt v_mbk (_m) A tagimd mlb F livm

(_ A ÷ = 0 (Cootie equot/on)



md

(_F .fOR\x, 8F ArOR(6) r = -_ ÷ A _ ) + --_ + -_

where T deao_ _ The ElM solmion foams fog Eqs. (1). (3), md (5) are, scspectively.

(7) -.._-_Q = _; = + ._Q (. = n.2,3, ...)

(9) - ._A= A _+ _ ; A_+:=A _+_,A (n=1,2.3 .... )

_ _ImaR itm_m _ add _ dcso_ m "_mxim_ opevi_ of c_mvmie_e." "I_ rm_-

SD's are also diL-msed ia [6] but net u_l iJ the prcseu

_SD's _n_fmil_ _ (FD) for _ setsof ilet_ively solvedmmline_ eqlmbO_
c_ te ¢.q_easi_emd i_c_e. A _ ot SD mi_ _ tilt. _, md pighi_ etmem wttb
tegpea to a leeme_ design variable fm'tmmmtc _ _w aboet m aig_ [9|b sbocm in "lkble 2.
"i*ae_ in time SD ratiot is the val_e of the SD via AD at tglative retidml. RJRt. m_dre,Oral

_t ch._ o_n, nmUe, b
, 0.1

litt 0.937 a926 O.O40 _

10-_ ¢Ir_ 4.862 _ !.819 4.383 --
• I I I II II 11

nmmeat ] .035 2.097 -0.099 -- --

U_ !.0_3 0.973 0,873 -0.0,8 --
II

i0 -_ dnl 3:/92 2.585 "/J_3 _.154 --

memmt !.139 0.944 1.129 0.3_ --
,, ..... ,. .,

- _i _ 1_9 o_ -o_o3
II • Be

1o-' *q - -e1 9
J JPqK

: t-- ,_.. _, I.i_11 i.,-1169 0.397
I

5tt -- n.oo3 o.,_2 ].1t2 n_J

I0 "-_ dml -- 1.507 0.991 -O.90,t 2.804
I I i ill

nmmem -- !.006 I.O(Ml 1.270 1.6410
I I I n

m m i.i_i
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all Ulble mlfles wmnldbe llke thote fit I1_ lint column (i.e.. ettmlially ratty). The lablc tlmws tlti tt •
given coavmlJta_ level fo_ R. diaenm_ee_t funcmat my mpt_ diVe, at dcaqpt vaa_bte uep 0_et
(tad vk:e veto) for the SD_. The similKly tlu_tl _ sho_ compmab_ $D Igt'urgies for lae FD
md AV _.



O01wildlOnl

_ Oikm_ _Ji mk,_m

ll_ vllill.I

i.oo_ om4_

,,, , i i i i i

l+_.[
(b) _i.41_ _ _ dt_ii, fSA_VD).

_LI Cmvmlim_ O_d_: NAND wilk SA

Tim _vemlml Ollelmitlenmudy _ discussedi_ are for_udyMmic llq_eolmmi_ mill

i, Iq._UqD_ _ _ linedm _ SD'm.The H .;.peulC_vu"rrampm(H_'I') 24E,
___ _ bled oaa )-il nwciiq (mmpemxlc)E_i_CD'T)oral,__m

i (12). Ti mium_ _ _il m_ rlii_ in _ on • 2-D _: Nl_ta.Slilil
CFD col, md mml m _emd i Fi.

2.1.1 _ _ imlWeVmmc I_uil rmuim for _mxlymnic dupe olmmmation uud_ i
wm_Dle Ii l/mlblllly o41'_im41m3--D_ I_kl ¢odle_lh Im el'l_lelil SA cql)i_y _ llvm m



,k _ qmda_ imqp.mmm_ _. me mom6_ memod o_ fmm_c _ o_m_er, md
_e Gddm .T,e_kmli_ sm_ wsic_ line bern *elec*ed. Evalum_ _ bol, fwcdon ,ml/m.onl_
dadvlih_s (Y_D's) is llivaa io Ue AI_ cod_ _cam_ II_ SD vm the IIM me es_emiMly mml?IkM
dahs_._s, rodsa_ _ melmdsi_ ADS pros dz mmatcom,Lw.mopdmizamnrcsulu._.
mm_ _mcdm ew_m_m m_ n_i_ t__he_._ed se_c_pmcedm_ lncn_umsm dz slope_
vamZdcs,_"DeiSa_m i_put"In Fq_.2, _ returm_lm O_ am,face dmpinl code m tort m_ ir.u
dadp

smp_ minas,Yamtwo_ dz e_ q_i_ studiesr_ m I1_ a_ dactmedle_. 'the
24| _ wi_l-bod_ om_l_ I_ by NASA _ R_h Cmler is tie

_pe_ d_ _ comlmlm_we M,ch aumb_ _ - 2.4. xq0e _ mzk = _*, sin/y,w talk ._ =0".
_ m' bo_ the _ i,emi_ _iow xm_/m md d_ tme_ _nmve SA is m, _.Imve
tn01ddmMIt0docIk_t _r6 owKlle_ o_' Mm_niil_Ir _xMI yo_nimd soluifiom.

tie Wlnl-eCUOntidcknm desllnImpmvm_t smd_.iniilaland5ml thicknm_ an
sho_mi, Pii. _. Tlz I_ dm_n m4_des comis4of $ pr--_ inch az tlz ,dnl mot. l_mk. and
tilp Io:WJon_ 1_ q_NI Is limairly Idlod _0in root to I_mk aM horn Immk to dp to mippi_ ddcbteu
Inrmmiim at all om_ Wlml minions. The _joctlv¢ funcUm is _al min_ _i_ the wml mot

_.,_i m.,m ,ani_ com.mas_ _ _=_z ,_; u .. ,_.si= _ .,_ec,,o--.._ < _.0



md _,, > ].0. TUetmeUne dae is deaemed by,imu, no pro:era,md borncoamWu _ active This
inpmvemem is olmlned in 8 _ s,ep,, widch requbes t 17 _ evaJumiommd 8 Iprufliem
emdmkx_ the Cry-2 nm time is about 1.2 kmrs. 1_ 6 o(the 15 dlesilptvKidJk_ ttte side coemmims
me ac_ (wildn $ jJace_ (3Lthe q3ecltmd bmm_, which w_e tsbitra_ty lliu_ for the _ _

m be _50 _ _ _e bmeline vMum). For _ now cousideratk_ aJcue, the wise would be
e_wced m beceme thinner,M aho_ in F_ 3.

Pirml
•=..==- l_loot

----- Bruk

IS v,d,b ,

x/c

violm_ 1_. mperm_ flo_ con,sidmmtam doue., d_ _q dp mouM I_ sm_pt mo_e tlma m _ _
itSCT 241_ iq& 4 Mhcmsllml Ihe _qp_M_l_m procedm_ pmodlocesfl_ rmulk At a Math muul)_ o(2A,

Pig. 4. Ivm_ pk_orm _/or _,_C"7"_L_ dry. m,_o_mmu.

2..1.2 Tm'bul_ Tnm_k Alrrd impr_.em, m. Initid rmulu for au_odynamlc du_e olmmUmton

mulim am _ me f_ or mial, 2-I:) _kvler..Smir_ code with m ef_em SA cq_d_y
at_ 8:lyre in [91 for ,, m'Imlem mm, onk: _'ql. Comlmimm ot typical SO's af foece md moaem
coefkkeml w_h respectto tx_b Jow mud jleomelrk: vm'tabl_ t¢ liven in (6] fro' Jev_d m¢lbocls _'



The qpeemeM between the IIM via AD md FD is good: die _ _ f_ tlte IIM
minll AD m*ecemlmmble m _ lem tlma eno,e for the FD.

The aowdm't fer ads ,irf_ desisn impevmem pecess is euteam,M]ymat thown in Ell. 2: a more
tJeui_d Su,eetm _m en rem_ loett mdicmd is 8_ven jn [9]. Tnz ,rammed 8emsee3, md p.kt rode

(_ aped_) ln_ _m,_ _ _ p,=.,_ C snm around re,fern.
Tae airfetluppw It towe_,ue_es a_oeEh _ by aiiae_oombiwim offourmhmmmali_d

poaymm_ ItSk ,t_ mpmnde (or weiSS) a'e the dm_ deoip vamUes. Tn,e emize 'too6 _de _

difl_eram,ted vim _ 0"fl mxt lid *e etmm, me p.td sD', Or') wt6 respe_ mme,e et_ design
vm'ialdes. "the QPD rode _ (_ for fine Navieg-Sm_ equmims bated m a Riemma
solve) [19] is a 2.-D N_ code bated on nit uqpwind cell_ finite.vokme foumMladon
md simmbtes _ with tie aMdwbt*l..em,_ [20] _ tmbukm:e umdeL "l'eis code b Mso
_ wilh ADflq_; _, the _ is done in peru so damm efkimu rIM csn be
emmmcted _ OheSD's [61.As intheprevimaeumple, theADS peqpam 116) Is reed fe¢ tlinepveseat
___e. "r_ seq_,e._ quadmic Wem'ammg m'a_. me a,0dik_ mee_d _
femible ebuxlms q?emlzer, md the Goldm Seceoa line sem_ elxiom are sekct_ evMtmim _ _
the _ and kU-mder derivativesis providedbo the ADS rode.

•rhe (;eep _ p,_am m,....ri_ed here (a,d e_ly dScudaedi _D is _ mximimim
ot rite _ nado ofm i'fcdi In a tmtmkm tmmo_ low. The imcidmt 0ow is at a Mla_ mmtber
_ 0.8. a clhordP.eyaoMs number of 5 millim, and m am_ of amadk of !*.._dlmims a,e elmdaed oe a
C..type mesk_ 2._ (,_cum_e_ai (Ikectiee,) x 6"/(atonal dk'ee,_) paims, t_ omcr m maimam the

oo.vex_ _e aier_ a'med e_ek_li_ edee. I0 eoemnmu oepoae_ cm.amre are _,posed _
ap,ced Ip_d po_ en m_ sm_es for the 5ru S _ clmrd.

The in_a_ 91Miumkm (1_) for the NACA 0012 airfoil is ooa_,_ to a riga[ire ammdysit _ _

of 10 mdm of mapiande. _ for the SD (.0') the _elative deriv_ve n_lmls at'ece_veq_ 6 orden.
There_&aiems w_e triedasi_i_aivalae,fordetilPt_ itemelem.An ol_aml toteeiou_
obtada_ alke¢ tlne remlmin_ to AD_: these _ emme ttm the q_mtzatim i_e_iem bare
mt _ Im_tlmely il me dmoted by me _ symbolsm the eb_dve _ Imu_ Iplm
o_. Toeol_dve_C_lC_h_bem_mqqm_mm, eny 10 times iu inidan v,dee i_
_ demsn ttmeom. 1Ms opemiamim mluires me ,ame mmum e_ cemml lxece,si_ mit ((_j) time
• s _ Jot qq, extmm_y 36 wen-coavemd _qr_e mmdy,m_ m,b._. The um_ mo_ We,em
_a dineiait_l dmip ha_e boe_ elimiimeed f_m the fioaddestp, a_ cambe seeo _ _ _ _

Im beenddmed md mmbemd omsidembly. ,s wouM Ix _d in e_et m n-mximi_ the lih.m.drql
mio ,* mum_dc Ilov, madim_mL

11

I

q,,C_ S

In _ mau_ above. ,k.. relame nmdml _ fo_ beth 0 a_iO' were act to 4 (x_len i_
de.ip _o,_,.u._._,.: ,,.,t,_,_,_...nsolutim iwmem o,"_ (!) were required ,o enlxeve me _ quMlw
_ ttm dml drop. Hmueva'. a Inaed mm'y oL sevend _e, to met[ the eaom of bah _w am_sts
ml SA _;,.-:_ m_,,.,,,;,_ m the pm_mm,x ed"d,e modyam_ deep olatndsation is lpvm iap}|.
Diff'muntmmlblmliem ed' _ and SA ,elerm_.,_ (dil_ by faclon I0t*) remdt ill diiTenealachieved
orb'eve rm:ttem (_rertnl by 50 pro:at to "75pacea0: mue (ttl_em ceamauttm, require dinercat



I I I I I , , ' ........

(a) lineal, fbj F_u)l.

1lie_ ofSAMX:) ild_masuled fm belhsnq_somc and _i_nic flowdeicni_lby a I-D

_e__ Ol_imin_n _ms _asulmm_ nou_destp me a_m_l_7(_ Summed
N_I'D, _ rendu _ ADS _ In61, fm bo_ one.skiedi:13uul qum_ (QA) 121
_ t_rSD'sa_ _ _h theSAADO _mlu, 1_ SAADO _ luoducma bettor

object_uilmlmckm 0dUch,m rotscme,shouldmul m _e_) u,_0 de,IncycleswUh fewm _
mtnmma-Rql._ ellt) _ aad in Ires campmm _e _aa cite': o_ _,e ma_ll_ _

tim mine mm_r o_ _ Io _o_c_ tim olzlaug solmim m ts mqui_ tm a sJalle go_ m*l_s. Tlic
ooci_ml_li i_ o( eke_,M:)O rcokl_ humry _ _hu the|,+coqmri_ et dmilU chmlps alums
k nomul ¢mmlF.Uc_ I_umn for gow un*l_: g_e _,_:Ula_m ole _dum me d_i_ _ _.
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0

(b_Tw.

1.3 F 3

1.2 personlc 2

1.0ru_m_..-,k..-.--J .. , ..... n

% Of ducl length

The _ _ti,_e oftheSAADO f_muiat_mis• U_ n_ducOe4intheCI'LIume; dac

_ _m_ requ,n_ _ _e mpeme_ a_,_e, m _ N,q,_ _ u _. T_. pomuaJ
_r SA_O U ckady 4emmeummeOtn _ese sam_ _-D ucm* 0m_ opemizaecm _t, kn_.. Pm_
mpm_omk:4ow ume, the beuer sobUem Is ol_Imed by SAADO m 53 pen:era _ the aq.J dine _ _

lVn_lm¢ lYaammk Airtoll Oem_tim. _ miUal resulu tm aerodynamic dm_e op_U_a-
tics _ a :-D SAADO pucedu_ imcludeb_h F.ula and U_m-ls_ N_rv_-_ _ appmximadms.
Rmuls for the Umm m mpmted in I)3) a_l me _y dlscus_ hme. The pUymal _ is d_-
s:_x_ll is _ 2.1.2; hm_e_, _d'_l d_Imu_ msm_Inu have l_m u44edIo ac¢oMt f(x a m's:mrai
_ _ "rim 2-I) SAADO _ U _ed b_)m me same Ipr_-I;mmm_ ('reO0 llTD and
ilow (AJ,,I_ (191) _ Mleay _ in mctk:m2.10.. _ _ 4iff_ (ln.ule_-, _lpm)



and _ _ dkecs_) kav¢beeareedlO_ _e _ _6vi_

e4psatmsl_ theSA_DO venda_ 0i have5eeam_L

Pveaendy,the2--D_on o(theSAADO pn_cedwefora tldn-la)n_Navie_-Saokescedecous_en

Imm i_ sad tlo_Oekl vR-iablesas +a,_ (_) _ and ue.as _ now eqpilom
as eq_ _ 11d$ bqle oomlmrof vanddes and emlSnlims is reduced I_ solvi,8 a set of
ioe_m _ eqm_o_ dese emmdoesmd ms gin+ malysis am s_ved IcSedmr in md form. "roe
amiss opdmd=doa prelim is _o=am_ue _ Uemo-drq ratio CdCj or-- ,irmil In mmaaic _
now,semjeumo_ _ _ 3o on d_ _a_acecumvau_ mtxJed emm _e _Uq edse0o

iou_ t_0dLlesa_eeech_t_ b_ a 5ne_ _ _ _ouren__od _ m In

(iS].The _d_ vah_s _ d_e eqp__ _0_d_ caemcieeu(_e sha_ de,so vn_i_es)_
_aosefortheNACA 0012

San_e mml= _ortheS_ q_p_ to_ thel_dr_ _ ata Mach mid_ _

0.8,i i_ _ _m_ _ I*,_ a _ Re_dds mmber e4 5 million,sta_ _0m theNACA 0012
s_eil,a_ oi_a_ oa a C-e_e me_ e_ _.2"/x )3 Ixdms.FT_nue9 aho_ she_ f_cSon (venus

loo

l_ 9. Ob_-_/mce_ a_ _dce _wc_swe_an_

mmbe_ o( SA_ cycks) Idsaocyamdsurlaceim_sure (coe_ -Cp) di_ oe the i_it_li an_
50_ almmia_ In iS _DO c_ (d=iln ratable ulxkses). _e now rash'sis mo_
wasn_need _mm 10"__> I01_, _ch pr_luc_ _ _ wi__y _0 pe_,em in_mves_ ill
the ebjecdve t'_ctioa. Twot]t_meu a0mutin_ (at _md _ _ cboM) _ea_ acGve, lhese remlu
s_w lhal the sheck v_iv_ _s 11w.lov_r sus_a_e_f the ais_il lus 1_ee_eSm_ _ _ _ _ _
ulq)_ surfacehB bees s_mkenedccmsJd_. The_ di_e_e_ mock _ve pa_s _an also be sees in
the initial sad _sal _,_Se_ _ lumbe_ _ pka_ l_iCh a_eshow in P@ 10.

l_e _ flr_emlui_ _r Ibis S_O_O caseis appmxmae_, the samei 22 flo_ a_es
ceovuledwa -te_ tesldlmlemx of"t0"+on 1his 12"7_ _3_r_ I_tbe ilvL_id I_)qp_,
fl= re_eh_ ,_.DO _me hl bees m_oed J_mnhe¢.1"hese_o( ei_1_ iaexa_ aemdyumic semidvi_

_ si_pe omout r,mcdma C, IC_, _ _ _ m _ t_me world be by a _ _
3. Tills _ is act cum_y (e,m',>ie (_ Ihe Naviea._ code bec.i_ me _

mi does _ pinkie • __ et6cie_ adg_ eqmmoe code. Nevemw.l_. me _an'biSty for
ii_ and aaee4the_ Wacedu_ ao a 2-D lhin-iay_Navie_-S_resmdc laUnsei_

utmlem airfoil dedln imim>vement5askee_ demommae_ ADLPOR1msused Io leOUl_ the d_ivadve
cxxle.

2.3 _ i NAND vea,suJ SAND Optimmbulliei.

._.aumi_ o( previous fommllioas thst _Te_ from SAADO have also iavatved e_iem SAND me..mod-

Younll et al. 1271.for eun_le, eider ir_ simple desiln modidicalia_nfle_ in me aet_tynamm



,,a) lmub_m/. (b) YmnL

chamlleof_sip _ GhammmMI_'_mc_ 12Sland _'mam et al. i_] mo _'_k_Fd I:m:_
_ur SAND. Ohmm md Om_o drayed m equmion thmtm_mes _e design chics m me chaq_ in d_
0ow sdulim,Im_l m Ik qms_ ofi_ He,sireatom. ino_ 6rap oimmimmon _ fommmim.

malysi_. Tire m_ n_tuc,ton in eecb pid _ motrely me qunty _ me Sow soktioe bm ,bo _
de.sil_ impmvemem m ht scMe. Re,su_ _mm mlmr SAND pmcedue_ me g_ W _everM 1ruPertdso
comaiaed _mI_ vohllae.

•r_ pu_mhere is u'm,_OtN_pmcedm_ p,_U_ce_ d_,s mEh mine emciem_ Um _
HAND _eu_me_ Sem_ _me_ f_r_e SAND i_edu_s a_enzaund i_e_e,oa _ a_l_e._

times,_dzm_as_me fo__ve_ray e_c.ie_NANI> l_ceduw a_emeasumd mmany equivalemsirq_-
anab_ _me_ This_ m_ _ fe__hewesem neale exan_e di_cu_edin,ec_n 23.1._ne_e

SAND _dlmkx_ _ed _ qqm_n_el_ 2 m 9 eqmv_em si_g_iy_ Limes _d _beN,_qD
_ulkxls wem mnlb_ _u:_nro( 2 W 3 UmcsIml_. Pm-I_ tm_-u@lemuxmmk: ai_kxiieJ,mqd_ ddc_smd
in _ectims 2.1.2 (N,UqD) md 2.2.2 (SA_D)_ thisd_'enmce is not u clew becausesm_mrd wmll-lx_

,ddilm_m_ SAADO _ _ wim ADIFOR {fonumO-mo__r,_dmerenmu_mmma thenme
(_vm_.mode) mm_ edM_em_qo_n, tmmem/ce. _..,urmde_ the e_em NAND pn_cedumrewired

l_d m r_le_udu_ _ lhees_n_ed _me feea singlo.ad_inlSAND p_oceduw_

me Nav_,_ces equmiam would be equivaimu m ? smil_umb'sis _mes.

s cm __ _ o_Jmm _



3.1 _qWLe_ O,,,l=,_.,m.

In_ siull_e-le_ _ I_h _a_cl _(0_ _ _ perfom_l u .lie s.me
_, TI_ _ _ NAND _, ldaccsdu_ C_ lusks abo_ or m amou_./imu_ve _
uroundme amlUip_ mdys_ assUo_ m F_ nt(a_ _____m_m
me iUqx_ u_l,_es, _h_c_ uponinneram_v_ couvcqcnceproq_ rueouq_ _ (_ _
d_ SD imfcnmstio8) requdred I_/tke OC lasks. A desip vm'iMde ,qpd_e Ibm _ I_ _ om_, bm_ip

o_m_ v_des o_ i_mion mqpm me ou_ (d_i_) loop.

"the sbq_e-le_ sbnu]Unecms, m _ i_cuJur_ cat bc v_c_d eJSu= m Jncgrporum| _eOC
u_ _,imhiuthemultiplepodm ler_v_ maly_ loopsc_ as_ a modiled N_D_ _il
uonconvq_l inn_ ocmaly_ Io_ ]l_h de,In md rune vurubles m s_ uptn_ md _he
mudt_lepo_,t mu!_es ue no_c_tvai_ u_ _e dum_t daqm d eUmue_L _ _ m!_8. ln(_),
t,oth stm Jad atl_ (c_t_ _c datum) equti_ nre iem_ mseOmr, _,ic_ _y

mul_ flow _sidfts and OC t,sk ob)xt_ves.

MULTIPOINT OPTIMIZER

T
NAND

MULTIPOINT ITERATWE
OESmN

mm_ i

l 9 t

i n |

____J

(a) NA/VD. qb_£,VvD.

_ n.v,ma.vd _



ee_em au_ ccuu_omeriveme cle0a_ _,amic s_pe msinpLi)mam vmablesw_ch amew in
maleman aees_q_Jeo mu_ bembjectm _, Itmera_u a l_._rkveL Whe. mere
Um_ em levelof_ e:um,theprocedmeatea£hlevelisW _cili_.A HANI)-NAND l_OCedo_

that_ CFD al_em tooe:qxs_vem be _

11. M_ ,ud_.wl SAHL)-_V_ _ wuk,erm_.O so/uedseine,eq_na6o_.

^ _ erm_veJ _rl).,_d_D _ is picuwedin Fir n3 for thesamethreemblevel
ck_m 1_ m _l_i _ me. 1_. AlgUe_the _ uuk U tmuaed to be in rueuW4evel

MULTIPOINT OPTIMIZER
m i m

w.wMIw llom_qm
_le_r_ ¢l_ee
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_j_,iv_ fm_nm. Use _r SAND _ for me sublevel immive m_ips should be. co_
mme d_.i_ d_ _ _ NAND _mcedu_ wi& SAt me _

4 ,_ I_OO Irr_c_lure

A given discipline _ diesiBn, bins,ever, diiH¢3s from tlmlL S_ in lPT_. 14 5ocaose many od' the

_equited _ _ w'_i be from odor di_ md _n ser_ acc_ a d_ on'_

m_mml _My_m will be _oq_od at _ _w.I _.mlyu_c d_ip _ for a aexible w_ and

QOI_

_) II k lemdymmic olf.dmi_ Imims. Noee o( Ibae imints my be IhooeIlmt ¢XJnmpaMto
the mvctaral deeilgn_ In _.,_Ucn, od_ (taclplm analym my alsobe _ Jar the m,l_poim
_nmdynemJc qjWul_. 'the umc Is ne fm _e _ m_cuml m_ demlp_ _m_mmlc
aemJy_u me reqMmd m _ "1o_" flow oaadiliom_ m sho_u ia Fi|. 16. _y, there



m ,m, me ,e,m'ymmic (s_Oe) des_ _. T_. me _ _ _ _nDO _ _B ,Opean
,o be a conecaim_of hylx/d mu_e_ "diJcipmw.-de_n"m_m_isr.ipnn,_ a,Jy_s O,WA) lwocedmes.
eech wi*ha differem sobs_ _ desisn promsm. Sow ccndidm_s. A prac6ca_ _ oGd_,ue
pmcemm=_W:s emcJ,...mcxmqmmkm] code fo,-tx)mOv:discilmm:,na_s/s ,mime i,mmvc dcsip.

theexpamve i,e,-:.dvemalyses o(advanced Qq). me iwrmivedesignslm,dd be a SAND ]xocedwe
mher Jan a NAN'O procedurew_ SA.

The _ IMI)O fcrmda/ion is a coccdma/ed _ of hyhrkl nmlli]ev_ _s such
as those piclmcd in Fills. 15 sad 16. The multipoini kylx'kl mu]Iblevel qlximiza/ions w/U be s_devel

_ i an id])O _ iev_ as show_ in FiR. 17. This _ MIX) fonndM.k)n

,..... I
is mech ck),er m tlhe_ inctic_ desi_ lax:r.eckwcs_m m .,MIm once.. M:DOIxoced_ _
4_c_k b eu_l_., i_ 1111.In effea. ,,J,"*,discipline _-lively imnkilmms in its sublcvel hybrid desli_

wppm_E kIDA md 1_0 cc_lmu_ _ bornthemple_ or_heous_loop."l"n/s_
f_n_d_n cuMso be viewed as a muk/Ioel ¢oocdJna__a __ _pljalj_,mk_ pe_-cdu_

S C_ itelrks

hr'_ t_n nude rep_l_ _ useo( advanced_ hkl 4ynanmcs((_:1))
mdysJ,. _ =mysm (s^). anddes*p cod_ m srame_ mummsc_m,_. _ opmmuon
Ore)O). ThemOb,_mlous_emecxm_ _ c_ msla,e_-m_u requiredo_aq) md ou__
m recax ,e_dymmk- dm/p almmimi,_ m,dks usins (::_. SanVlemadu fern_ _er s_ms
havebeen_ forceevamoeMop_indm_ (amlym-SAoodes)andsimuluneousandyslsmd
dmtP cVe_uk_ (d._n cede)m_ bo_ _u_ and_W.S_m So_ q_,_m_k]_ _heas_m
ec _ nmomm mq,md r_ ,modymm_dmisn usins C_ v_ mah_.SA calm is mmm m

dmt_ cedm _mu imu_le is _1. Ho_eve_, m O__ MDOproblem,a,e vmeus _q_mm
dram InvobedI,s_ dlffa_:_ deep pou mine _/_ envek_ve;_,.mro_. O'D msl,/m.SA cod_a_



hybrid mubile_l _ _ that couP1 of both mult_l_u CFD u_lysis-SA codes
and mul_polm C_ designcock_ thu I_rfonn subqximiz,tiom.
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